Backgrounds and Purpose-The purpose of the study was to describe the characteristics, management, and outcomes of patients with confirmed aneurysmal subarachnoid hemorrhage and to compare outcomes across neurosurgical units (NSUs) in the UK and Ireland. Methods-A cohort of patients admitted to NSUs with subarachnoid hemorrhage between September 14, 2001 and September 13, 2002 was studied longitudinally. Information was collected to characterize clinical condition on admission and treatment. Death or severe disability, defined by the Glasgow Outcome Score-Extended, was ascertained at 6 months. Results-Data for 2397 patients with a confirmed aneurysm and no coexisting neurological pathology were collected by all 34 NSUs in the UK and Ireland. Aneurysm repair was attempted in 2198 (91.7%) patients (surgical clipping, 57.7%; endovascular coiling, 41.2%; other repair, 1.0%). Most patients (65.0%) were admitted to the NSU on the same day or the day after their hemorrhage; 32.0% of treated patients had the aneurysm repaired on the day of admission to the NSU (day 0), day 1 or day 2 and a further 39.3% by day 7. Glasgow Outcome Score-Extended at 6 months was obtained for 90.6% of patients (2172), of whom 38.5% had an unfavorable outcome. The median risk of an unfavorable outcome for all patients was 31% (5 th and 95 th percentiles, 12% and 83%), depending on prerepair prognostic factors. After adjustment for case-mix, the percentage of patients with an unfavorable outcome in each NSU did not differ significantly from the overall mean. Conclusions-In this study that collected representative data from the UK and Ireland, there was no evidence that the performance of any NSU differed from the average. 
I n 1998, after incidents that undermined public confidence in the NHS, 1,2 the UK government promoted clinical governance and national comparative audit. 3 The concept of audit, typically by monitoring that care is provided in accordance with up-to-date guidelines, can present a challenge in surgical and other fields in which there is often a limited evidence base to underpin practice. 4 In such cases, the public can be reassured by monitoring the patients' health after treatment, showing that outcome does not differ markedly between hospitals. 5, 6 The Society of British Neurological Surgeons, in collaboration with the Clinical Effectiveness Unit of the Royal College of Surgeons, responded by initiating a national comparative study of the outcome of treatment for subarachnoid hemorrhage (SAH) in all neurosurgical units (NSUs) in the UK and Ireland. Similar studies have been performed in other surgical disciplines. 7, 8 Independent of the clinical governance agenda, there is a lack of nationally, or locally, representative information about variations in practice and outcome after treatment for a wide range of conditions. It is often surprising to the public that information of this kind is rarely available. 1 This was true for SAH at the time of setting up this study. No British study had measured outcome after SAH on a national basis or attempted to compare outcomes between NSUs. Therefore, the study had the added benefit of providing high-quality descriptive information about the outcome of SAH after repair of an aneurysm.
This article has three objectives: (1) to characterize patients, their treatment, and their outcomes in a representative sample of patients receiving treatment for SAH in NSUs in the UK and Ireland; (2) to describe outcomes for patients with differing severity of physical signs on admission to a NSU; and (3) to compare average outcomes for NSUs after adjusting for variations in case-mix.
Materials and Methods

Study Design
The National Study of SAH was designed as a prospective longitudinal cohort study of consecutive patients admitted to NSUs in the UK and Ireland after experiencing SAH. The study was approved by a UK multicenter research ethics committee.
Study Centers and Patients
All 34 NSUs in the UK and Ireland recorded data on patients admitted to NSUs from September 14, 2001 to September 13, 2002 . Patients were eligible for inclusion if they had a SAH confirmed by a CT scan or a lumbar puncture. Patients with traumatic SAH (ie, SAH caused by head injury) and those aged younger than 16 years were excluded. Analyses in this article are restricted to patients with an aneurysm confirmed by digital, CT, or MR angiography.
Data Collection
Consultants were asked to complete data collection forms at the time of death or discharge and to send completed forms to the Clinical Effectiveness Unit of the Royal College of Surgeons for data entry. Data were collected on patients' preoperative risk factors, clinical management, and hospital outcome. Preoperative risk factors included neurological condition on admission (World Federation of Neurological Societies grade), size and site of aneurysm, amount of blood detected on CT scan, and comorbid conditions. To avoid bias by omitting patients in poor clinical condition, the multicenter research ethics committee provided approval for the transmission of nonidentifiable data to the Clinical Effectiveness Unit of the Royal College of Surgeons without the need for patients' consent.
Patient outcome was monitored for 6 months after discharge. Vital status was obtained by tracing patients in the UK population register through the Office for National Statistics. Functional status (a patient's ability to perform activities of daily living after the hemorrhage compared to before the hemorrhage) was measured by the Extended 8-point Glasgow Outcome Score, 9 administered by postal questionnaire to patients or their care-givers. If there was no response to repeat questionnaires, the Clinical Effectiveness Unit of the Royal College of Surgeons contacted the lead clinician at the NSU to provide a proxy assessment based on the most recent information available.
Outcomes
The Extended 8-point Glasgow Outcome Score classifies patients into 8 categories that correspond to a favorable (good recovery or moderate disability, scores 1-4) or unfavorable (severe disability or death, scores 5 to 8) outcome. The primary outcome was an unfavorable outcome at 6 months after discharge. Secondary outcomes, such as destination at discharge from NSU and 30-day mortality, were also collected.
Data Validation
Completeness of ascertainment of eligible patients was checked by research staff by visiting NSUs and searching hospital information systems (eg, NSU admission or theater logs) for the study period. Details of patients identified as potentially eligible but who were missing from the study were given to the NSUs for verification and, if patients were found to be eligible for inclusion, NSUs were encouraged to submit data retrospectively. The study also identified patients for whom data were missing or inconsistent and NSUs were asked to complete or verify the data. Finally, case notes of 10% of patients in each NSH were independently validated by Clinical Effectiveness Unit of the Royal College of Surgeons staff. Data were re-abstracted from the notes and compared with the original data submitted.
Statistical Analyses
Patient characteristics, mode of repair, and outcomes were tabulated. Logistic regression was used to investigate the association of different patient case-mix characteristics with outcome in univariable and multivariable models. Missing case-mix data were coded and entered as a separate category, allowing all participants to be retained in the analysis. Robust standard errors were calculated to take into account clustering of patients within NSUs using STATA version 9 (Stata Corporation).
Both unadjusted and case-mix-adjusted logistic regression models were fitted (adjusted for age, sex, admission neurological condition, CT blood, size and site of aneurysm, comorbid conditions on admission, and prerepair deterioration). The probability of an unfavorable outcome for each patient was calculated from each model.
The ratio of the observed to expected number of unfavorable outcomes for each center was calculated with an exact confidence interval based on the Poisson distribution with and without case-mix adjustment. Without adjustment, the expected number was the number of eligible patients in a center multiplied by the proportion of patients with an unfavorable outcome in the whole study. With case-mix adjustment, the expected number of patients was the number of eligible patients in a center multiplied by the sum of the predicted probabilities of unfavorable outcome for individual patients in that center. All probability values are 2-sided, and PϽ0.05 was considered to be statistically significant.
Results
Study Population
Clinical data were received for 2397 patients with a confirmed aneurysmal SAH with no coexisting neurological pathology. Figure 1 shows a flow diagram of patients included in the study. Characteristics of patients are shown in Table 1 , separately for patients who underwent repair (2198) of the aneurysm and those who did not (199). Compared to the repaired patients, patients in whom no repair was attempted were in a much poorer medical condition on admission as measured by the World Federation of Neurological Societies grade.
Data Quality
Based on hospital information systems for all but 6 NSUs, we estimated that data on 87.4% of all eligible patients were collected (median by NSU, 89.6%; interquartile range, 78.7% to 99.9%). After data cleaning, the average completeness of individual case-mix data items was 97.6%, with no data field having Ͻ90.0% completeness. Case note validation for 10% of patient notes found that submitted data agreed with re-abstracted data for Ͼ90% of items.
Losses to follow-up were Ͻ10% for the Glasgow Outcome Scale (favorable or unfavorable outcome) at 6 months. The percentage of patients with missing outcome varied considerably between centers (median, 4.8%; interquartile range, 2.6 -17.6%) but did not vary by baseline characteristics.
Management
Among patients in whom a repair was attempted (2198), 1269 (57.7%) were surgically clipped, 905 (41.2%) were coiled (endovascular occlusion), and a further 24 (1.1%) underwent other procedures such as wrapping the aneurysm with muslin or occlusion of the aneurysm with onyx glue. The majority of patients, whether the aneurysm was subsequently repaired, was admitted to the NSU on the same day or the day after their hemorrhage (65.0%).
Prerepair deterioration was reported in 528 patients (22%), caused by cerebral ischemia in 179, caused by hydrocephalus in 161, and caused by rebleeding in 142; in 195 patients it was caused by other complications (in the database, Ͼ1 reason for prerepair deterioration could be recorded). Of the patients who re-bled, 75 did not undergo repair. In all patients who underwent repair, 3.3% of patients were treated on the day of admission to the NSU (day 0), 12.4% on day 1, 16.3% on day 2, and nearly three quarters (71.3%) by day 7.
Outcome Overall, 11.3% patients died in hospital, 41.3% were discharged home, and 47.4% were discharged to the referring hospital or a rehabilitation unit (Table 2 ). Six months after discharge, 837 (38.5%) of patients had an unfavorable outcome (34.6% in repaired and 81.0% in unrepaired patients). The influences of prerepair characteristics on the odds of an unfavorable outcome at 6 months are shown in Table 3 . World Federation of Neurological Societies grade on admission is most strongly associated with outcome, followed by preoperative deterioration. Patients' risk for an unfavorable outcome varied considerably (median, 31.2%; 5 th and 95 th percentiles, 11.9% and 83.3%), depending on prerepair prognostic factors, ie, age, sex, presenting neurological condition (World Federation of Neurological Societies grade), amount of blood detected on the CT scan, site and size of aneurysm, preexisting comorbidities, and prerepair deterioration. No significant difference in outcome was observed between patients who had their aneurysms clipped and those who had their aneurysms coiled (case-mix adjusted OR, 0.92, 95% CI, 0.74 -1.15 for coiled compared with clipped aneurysms). The effect of timing of repair on outcome was investigated. In the multivariate risk-adjusted logistic regression model, no association between outcome and timing of repair (modeled as a continuous variable) was found. However, there was some evidence of an interaction between timing of repair and mode of repair (Pϭ0.053); the risk of an unfavorable outcome decreased with increasing time from ictus for patients who had their aneurysms clipped but increased with increasing time from ictus for those who had their aneurysms coiled (not significantly).
Comparison of Outcomes by NSU
The distributions of predicted case-mix-adjusted probabilities of an unfavorable outcome for patients with confirmed aneurysmal SAH for each center are summarized in Figure 2 as box plots. The median probability ranged from 23% to 70% across NSUs. This Figure also shows that the median probability varied relatively little for the majority of NSUs (from 30% to 40% for the NSUs in the center of the distribution), ie, there was little case-mix variation between these NSUs. The same percentages apply to the time from ictus to repair. Figure 3 shows both unadjusted and adjusted observed/ expected ratios for NSUs, ordered according to their median unadjusted probabilities of an unfavorable outcome (as in Figure 2) . First, this figure shows that confidence intervals for all NSUs include 1, ie, outcomes were consistent with expectation. Second, the difference between adjusted and unadjusted observed/expected ratios is greatest for NSUs with the most extreme median predicted case-mix-adjusted probabilities of an unfavorable outcome, ie, left and right ends of the figure. Third, confidence intervals are generally wide because the total numbers of patients, and of patients with unfavorable outcomes, were quite small (10 -142 and 3-61, respectively). No relationship was found between the volume of patients recruited to the study in each center and outcome (supplemental Figure I , available online at http://stroke.ahajournals.org).
Discussion
This study has described representative data about the characteristics of patients presenting for repair of a confirmed *Postrepair deterioration was defined as either a reduction of the Glasgow Coma Score, or whether the patient was transferred back to a highdependency or intensive therapy unit or had a delayed discharge from the high dependency unit/intensive therapy unit because of deterioration.
†7 indicates severe disability caused by something other than the SAH.
aneurysmal SAH, their management, and their health outcomes 6 months after discharge. Data were submitted for the majority of eligible patients and the primary outcome was determined for Ͼ90% of patients for whom data were submitted. Patients' risk of an unfavorable outcome before repair varied considerably, but 86% were alive 6 months after discharge and 62% had a good recovery or only moderate disability. The average patient risk also varied across NSUs, although most of this variation arose from a minority of NSUs ( Figure 2 ). Neurological condition on admission to the NSU and clinical deterioration before repair were the factors most strongly associated with an unfavorable outcome. After adjusting for case-mix, the proportions of patients with an unfavorable outcome in NSUs did not differ significantly from the study average.
Strengths and Weaknesses of the Study
We aimed to capture data for all patients admitted to NSUs with SAH during the study period. Despite limited funding and voluntary participation of staff in NSUs, we nearly achieved this aim; all NSUs and almost all consultant neurosurgeons managing SAH patients in UK and Ireland contributed data to the study. Data quality was validated by site visits, which ensured a high level of ascertainment of eligible patients in the study. The total number of patients recruited was consistent with expectation based on existing estimates of the population incidence of SAH. 10, 11 We remain uncertain about the exact number missed (estimated Յ12.6%), because we could not confirm the eligibility of those identified as possibly missing. The study was not able to collect data on patients who were admitted to District General Hospitals with SAH but who, for a variety of reasons, were not transferred to a neurosurgical unit. Thus, it does not reflect the whole population of SAH patients who survive the initial hemorrhage. Data were not always collected at the time of discharge as requested in the protocol, and some were missing despite the process of feeding back data queries to NSUs. However, we have no evidence to suggest that recruitment or measurement of risk factors and outcomes were biased, ie, were influenced 
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by patients' characteristics or management. Based on other analyses, 12 ascertainment and data quality depended only on the availability of staff time. Therefore, this limitation will have resulted in less precise, but not biased, estimates of average NSU outcome. Compared to most observational studies, we established detailed methods for validating patients' prerepair characteristics and management. The amount of missing outcome data is a greater concern and is higher than in well-resourced clinical trials. 13 However, there was no evidence that the amount of missing outcome data was associated with patient characteristics or with average outcome for a NSU. Tracing patients through the Office for National Statistics meant that vital status at 6 months was known in 97% of patients and functional outcome was known for 91%.
Comparing average outcome between units of health care provision (hospital or consultant team) is complex (see Appendix). Intrinsic challenges include small sample sizes and rare outcomes, leading to inadequate power to detect important differences in performance; imperfect characterization of all aspects of outcome that are important to patients; and residual confounding from imperfectly measured casemix and incomplete statistical risk adjustment. The problem of small sample sizes per center is not easily solved, especially in fields such as neurosurgery and neuroradiology, in which the numbers of procedures annually are small both per center and per operator. Averaging outcomes over longer periods of time may provide better precision, but raises the question of whether increasingly historical data should carry the same weight as more recent data. This is particularly true when there are rapid changes in clinical practice, such as a shift from clipping to coiling, as seen in this study. Therefore, the lack of significant differences in operative outcomes between NSUs in this study should not be assumed to provide reassurance. It is important to try to monitor continuously, to explore consistency of performance over time, to hypothesize about reasons for variation, and to test hypotheses using the available data. Performance estimates should be considered as the starting point for further investigation, rather than as the basis for decisions about health care provision or judgments about clinical governance. 6, 14, 15 
Clinical Implications
The importance of the study is demonstrated by the fact that no previous UK-wide study to our knowledge has characterized outcomes after SAH or compared outcomes between NSUs. This study means that it is now possible to provide patients and their families with empirical estimates of prognosis, based on their prerepair characteristics.
During the study period, the rate of coiling increased by Ͼ10%, from 35.2% in the first 6 months (September 2001-February 2002) to 46.1% in the latter 6 months (MarchSeptember 2002). The increase in the proportion of patients who had their aneurysms coiled may have occurred partly in response to cessation of recruitment to, and subsequent publication of results from, the International Subarachnoid Aneurysm randomised Trial (ISAT) of coiling vs clipping. 13, 16 Our study did not detect any difference in outcomes by mode of repair, unlike in the ISAT. However, estimates of effectiveness in ISAT and in our study are not equivalent and it is important to consider the limitations of treatment comparisons based on observational studies. 17 Our study did not detect any differences in outcome by timing of repair, although there was a statistically significant interaction between timing and mode of repair. However, analysis of the effect of timing of repair in observational studies is problematic because the decision to treat patients early or late could have been influenced by many factors, including variables that were not collected and that therefore could not be controlled for in the analysis (eg, changes in clinical condition after admission, referrals to centers with coiling facilities).
Some patients may have not been treated early because of the length of time it took for them to present at an emergency department; almost 10% of patients were not admitted to any hospital in the first week after their hemorrhage. However, the majority (75.3%) was admitted to emergency departments on the same day as the hemorrhage, of which 46.7% were admitted to the NSU on the same day. After admission to the NSU, of those treated, 32.0% were treated within the first 2 days, and 71.3% within 1 week. The National Study of SAH did not have the resources to investigate reasons for delayed admissions. Some delays may have been caused because of emergency departments in referring hospitals failing to initiate admissions to a NSU or because NSUs would not accept referrals. However, the same issues were identified in UK centers that participated in the ISAT and they are being studied in detail by the ISAT investigators with the aim of facilitating admission to NSUs. The main preventable consequence of delay in treatment of a ruptured cerebral aneurysm is rebleeding. This occurred in 5.9% of patients in the study and an unknown number who did not reach neurosurgical care. Because the outcome for such patients is grave, this may be the single most readily remedial factor in improving SAH care in the UK. There is no evidence from this study or unpublished data from ISAT (A. Molyneux, personal communication) to suggest that early repair worsens overall outcome. Thus, for patients in whom treatment is potentially feasible, emergency transfer to a neurosurgical unit with access to both clipping and coiling is likely to provide the best care.
Implications for Future Representative Studies of Health Outcomes
Collecting high-quality data for a study of this kind is both critically important and demanding. This study required the collection of information, often duplicating the recording of identical or similar information in patients' case notes. Modernization of information technology in health services should eliminate both the need for duplication of data collection and this source of transcription errors. It may also allow the more complete ascertainment of the condition by identifying patients who are not, for whatever reason, transferred to tertiary care. Obtaining consent (a requirement for research) in populations such as these in which a proportion of patients cannot be consented because of neurological condition on admission presents problems. Some institutional review boards/ethics research committees allow data collected routinely in the course of health care provision to be used anonymously for research purposes. Modernization of information technology may solve this problem by making data collection a by-product of the delivery of care.
Collecting high-quality information about health outcomes after treatment (preferably from patients themselves) will always be resource-intensive compared to relying on routinely collected clinical outcomes (often short-term) or survival. With increasing time after an event or intervention, more participants become lost to follow-up, making analyses susceptible to attrition bias (informative censoring). The estimation of both prognosis and performance requires outcomes that are meaningful and relevant to patients. Choosing to use routine data only (the easy option, both practically and scientifically) at best presents an incomplete picture and at worst misleads.
In conclusion, this nationwide study has described representative data about the characteristics of patients presenting for treatment of a confirmed aneurysmal SAH, their management, and their health outcomes 6 months after discharge. Neurological condition on admission to the NSU and clinical deterioration before repair were the factors most strongly associated with an unfavorable outcome. No individual NSU differed significantly from the national average after adjusting for case-mix.
